1. Reactions of N-demethylation, p-hydroxylation and N-oxidation of one substrate, i.e. dimethylaniline, have been used to show that the activating effect of Mg2+ takes place only in the first two reactions. 2. An increase in Vma.. of N-demethylation of dimethylaniline is accompanied by an increase in Km. In the p-hydroxylation of dimethylaniline V.nax.
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increases whereas Km does not change. A comparison of the changes in the Km values of these reactions with the change in K. shows that in both cases Km does not characterize the affinity ofcytochromeP-450 for dimethylaniline. 3. The rate-limiting site of N-demethylation andp-hydroxylation ofdimethylaniline, as well as the total rate of NADPH oxidation in the presence of dimethylaniline, is between cytochromes b5 and P-450. Addition of Mg2+ to the incubation medium changes the hydrophobic environment of phosphatidylcholine in the membrane, the process being accompanied by a sharp increase in the fluorescence quantum yield of 8-anilinonaphthalene-1-sulphonate.
Magnesium ions are capable of accelerating electron-transfer reactions in liver microsomal fraction (Fouts & Pohl, 1971 ; Peters & Fouts, 1970) . Peters & Fouts (1970) have shown that an activation of electron transfer in the chain is accompanied by an increase in the rate of hydroxylation of both the substrates of the first (benzphetamine) and the second (aniline) types. With benzphetamine, the change takes place for both Km and Vmax. whereas with aniline only Vmai. changes. On the grounds of the data obtained the conclusion may be made that the stimulating effect of Mg2+ depends on the chemical structure of the oxidized substrate. An alternative explanation would be that the mechanism of the activating effect of Mg2+ does not depend on the chemical structure of the substrate, but is determined by the type of hydroxylation. With benzphetamine it is a side chain of the heterocyclic molecule that is hydroxylated, and with aniline it is an aromatic ring.
To differentiate between these two possibilities, the effect of Mg2+ on dimethylaniline hydroxylation has been studied in different reactions: N-demethylation, p-hydroxylation and N-oxidation. In addition, the use of dimethylaniline as the only substrate for different types of hydroxylation makes it possible to solve the question ofwhether the three reactions mentioned above have the same or different rate-limiting sites in the electron-transfer chain.
Materials and Methods

Materials
Chemicals. NADPH was obtained from C. F. 
Enzyme assays
The rate of N-demethylation of dimethylaniline is determined by the quantity of formaldehyde formed.
The incubation medium contained microsomal fraction (2.0mg of protein), 40mM-Tris buffer, 16mM-MgCI2, 3 mM-NADPH and dimethylaniline at a concentration of0.2-2.0mM. Total volume of the incubation medium was 1 ml. The permanently shaken mixture was incubated for 20min at 37°C in air. The reaction was interrupted by adding 0.25 ml of a mixture of equal volumes of 25 % ZnSO4 and Ba(OH)2, after which the samples were centrifuged for 5min in a CLN-2 centrifuge (U.S.S.R.) at 3000g. The colour reaction was performed by the micro-method. To 240,ul of supernatant, 1201j of Nash reagent was added in a concentration fourfold that used by the author (Nash, 1953) . The samples were incubated at 37°C for 45min in a water bath. The measurements was taken in the microcuvette of a SF-4A spectrophotometer (U.S.S.R.) at 412nm. The calibrating curve was made with formaldehyde as a standard, the content of which was determined beforehand titrimetrically.
The rate ofp-hydroxylation of dimethylaniline was determined by the quantity of the N-dimethyl-paminophenol formed. The incubation medium contained microsomal fraction (4.0mg of protein), 40mM-Tris buffer, 16mM-MgCI2, 3 mM-NADPH and dimethylaniline at a concentration of 0.2-1.5 mM, in a total volume of 1 ml. The incubation was carried out at 37°C for 20min with continuous shaking. The reaction was interrupted by the addition of0.5 ml of 15 % trichloroacetic acid. After centrifugation at 3000g for 10min, 1.Oml of the supernatant was added to 0.5 ml of 10% Na2CO3 solution, followed by 1.5 ml of 2% phenol in 0.2M-NaOH (Hilton & Sartorelli, 1970) . The samples were incubated in a water bath at 37°C for 30min. The content of N-dimethyl-p-aminophenol was measured in a Hitachi-124 spectrophotometer at 630nm and calculated according to the calibration curve, which was obtained with p-aminophenol used as a standard (Jagow et al., 1965) .
The rate of N-oxidation of dimethylaniline was determined by the quantity of p-nitrosodimethylaniline formed in the subsequent nitrosation of the enzymically derived dimethylaniline N-oxide. The content of the components of the incubation mixture was the same as with demethylation of dimethylaniline. The reaction was stopped by adding 0.5 ml of 0.9M-HC104. The extraction into ether and the colour reaction was performed as described by Ziegler & Pettit (1964) . The molar extinction coefficient of pnitrosodimethylaniline was 8.2 x 103 litre mohl-I cm-' (Ziegler & Pettit, 1964) .
The activity of NADPH-cytochrome c reductase was determined kinetically at 30°C in a Hitachi-124 spectrophotometer in a lcm thermostatically controlled cuvette at 550nm. The incubation medium contained microsomal fraction (10,jLg of protein/ml), 100/M-NADPH, 330,4M-NaCN, 50,uM-cytochrome c and 40mM-Tris buffer, in a total volume of 3 ml. The molar extinction coefficient of cytochrome c (reduced minus oxidized) is 18.5 x 103 litre molh IcmI (Dallner, 1963) .
NADPH-2,6-dichlorophenol-indophenol reductase activity was measured in the thermostatically controlled lcm cuvette at 30°C for 2-3min in a Hitachi-124 spectrophotometer at 600nm. The incubation medium contained microsomal fraction (15 jig of protein/ml), 100pM-NADPH, 40M-2,6-dichlorophenol-indophenol and 40mM-Tris buffer, in a total volume of 3 ml. The reaction was initiated by adding NADPH. The molar extinction coefficient of oxidized 2,6-dichlorophenol-indophenol is 21 x 103 litre molI1 cm- (Dallner, 1963) .
NADPH-ferricyanide reductase activity was measured in a thermostatically controlled 1 cm cuvette at 30°C for 2-3min in a Hitachi-124 spectrophotometer at 420nm. Incubation medium contained microsomal fraction (150,g of protein/ml), 100,UM-NADPH, 330DuM-potassium ferricyanide and 40mM-Tris buffer, in a total volume of 3 ml. The molar extinction coefficient of oxidized ferricyanide is 1.02 x 103 litre mol-Icm- (Dallner, 1963) .
NADPH-oxidase activity was recorded fluorimetrically. The incubation medium contained 40mM-Tris buffer and 33 iuM-NADPH, in a total volume of 3ml. The reaction was initiated by adding 3mg of microsomal protein. The measurements were made at 30°C in a thermostatically controlled cuvette of a EF-3M fluorimeter (U.S.S.R.) supplied with an automatic recording device. Maximum transmittance of the excitation filter was at 366nm and of the recording filter was at 420nm.
Oxygen consumption
The rate of oxygen consumption was measured in a LP-60 polarograph (Lab. Instr. Praha) with a fixed exposed platinum electrode. Incubation medium contained microsomal fraction (2.0mg of protein) and 40mM-Tris buffer. Total volume ofthe incubation medium was 1 ml. The reaction was initiated by adding 1 mM-NADPH. The measurements were made at 30°C for 2-3 min.
NADPH-cytochrome b5 and P-450 reductases
The measurements were made in anaerobic conditions with and without 1.3 mM-dimethylaniline and 16mM-MgCI2. The incubation mixture contained microsomal fraction (1.0mg ofprotein/ml) and 50 mM Tris buffer, in a total volume of 3ml. To ensure anaerobic conditions the 'sonic' submitochondrial particles (Hansen & Smith, 1964) (2.0mg of protein), 15 mM-succinate and 2 ,tM-rotenone were added to the incubation medium. Before measuring NADPHcytochrome P-450 reductase activity, the microsomal suspension was gassed with CO for 1 min. The reaction was initiated by adding 3O0UM-NADPH to the incubation medium. The measurements were made in a Hitachi-356 split-beam dual-wavelength recording spectrophotometer. The reduction rate of cytochrome b5 was measured at 424-475 nm and of cytochrome P-450 at 450-475nm (Orrenius et al., 1969) . The record was made at the rate of 240mm/min. The reaction rate was calculated as described by Gigon et al. (1969) .
The content of cytochromes b5 and P-450 was determined by the method of Omura & Sato (1964) in a split-beam SF-10 spectrophotometer (U.S.S.R.).
Dimethylaniline binding with cytochrome P-450
The spectral changes arising when dimethylaniline interacts with cytochrome P-450 were recorded in a Hitachi-356 spectrophotometer (Remmer et al., 1968) . The incubation mixture contained microsomal fraction (3.0mg of protein/ml) and 40mM-Tris buffer, in a total volume of 3 ml. Difference spectra of type I were obtained by adding dimethylaniline, at a final concentration of 0.2-1.4mM, to the microsomal suspensions. Extinction was measured as the difference between the trough at 420nm and the peak at 385nm.
Plotting ofresults
Km, Vmax., Ks (the spectral constant of the dimethylaniline binding with cytochrome P-450) and AEn,ax.
(maximal spectral change of the complex of cytochrome P-450 with dimethylaniline) were determined by the method of Lineweaver-Burk (Dixon & Webb, 1966 8-Anilinonaphthalene -1 -sulphonate-microsomal fraction fluorescence was measured in an EF-3M fluorimeter in a thermostatically controlled cuvette at 30°C. The incubation mixture contained microsomal fraction (0.3mg of protein/ml), 50mM-Tris buffer and 8-anilinonaphthalene-1-sulphonate at a final concentration of 5-25Mm, in a total volume of 3ml. The excitation wavelength was 366nm and the relative intensity of fluorescence was taken at 480nm.
Results
The use of dimethylanilinine as substrate makes it possible to study the three types ofreactions occurring in liver microsomal fraction, shown in Scheme 1. The incubation mixture for N-demethylation (a) consisted of microsomal fraction (2.0mg ofprotein), 40mM-Tris buffer, 3mM-NADPH, 6mM-dimethylaniline and MgC12 at different concentrations, in a total volume of I ml. The incubation mixture for p-hydroxylation (o) consisted of microsomal fraction (4.0mg of protein), 40 mM-Tris buffer, 3 mM-NADPH, 1.5 mM-dimethylaniline and MgC12 at different concentrations, in a total volume of 1 ml. Experimental details are given in the Materials and Methods section.
rates of p-hydroxylation and N-demethylation (2.2-and 1.5-fold increases respectively). Higher concentrations of MgCl2 were required for maximal stimulation ofp-hydroxylation of dimethylaniline than for stimulation of N-demethylation.
To study the mechanism of the stimulating action of Mg2+, the effect of 16mM-MgCI2 on the kinetic parameters of N-demethylation and p-hydroxylation of dimethylaniline was investigated. It is seen from the data given in Fig. 2 and Fig. 3 that Mg2+ at a concentration of 16mM increase, on average 2.4-fold, V.ax. of demethylation of dimethylaniline and increase 2.9-fold the Vmax. of p-hydroxylation of dimethylaniline. At the same time, Km increases only with demethylation (1.5-fold). The difference between the absolute values of Km for N-demethylation and p-hydroxylation of dimethylaniline (0.67 and 0.28 mm respectively) seems to favour the conclusion that with N-demethylation the k+2/k+l value is great and affects the value of Km.
When the N-oxidation of dimethylaniline was examined it was found that Mg2+ does not accelerate the formation of the N-oxide (Table 1 ). This should be taken to mean that either Mg2+ has no activating effect on NADPH-specific flavoprotein or N-oxidation of dimethylaniline is accomplished by a specific flavoprotein, which does not belong to this chain, and on which Mg2+ does not produce an activating effect.
Thus when dimethylaniline is used as substrate Mg2+ causes an increase in Vmax. of N-demethylation and d-hydroxylation and does not affect the rate of N-oxidation.
To elucidate the mechanism of the activating effect, the action of Mg2+ on dimethylaniline binding with cytochrome P-450 and on the electron-transfer rate at different sites of the NADPH oxidation chain has been studied. The results on the effect of Mg2+ on the spectral constant for dimethylaniline binding with cytochrome P-450 and on the magnitude of the maximal spectral change of the complex of cytochrome P-450 with dimethylaniline are given in Fig. 4 . It emerged that addition of Mg2+ to the incubation mixture causes some decrease (1.5-fold) in the spectral constant of the binding and an increase in AEniax.
(1.3-fold).
A study of the effect of Mg2+ on the electrontransfer reactions has revealed that these ions considerably stimulate the NADPH oxidation rate in the presence of dimethylaniline in the incubation mixture (2.2-fold according to A02 and 2.4-fold according to ANADPH) ( Table 2) . At the same time, Mg2+ and dimethylaniline added separately also produce an activating effect on NADPH oxidation. However, the coefficient of stimulation in each case is much less. The stimulating effect of dimethylaniline is retained against the background of Mg2+. The data obtained The results on the effect of Mg2+ on the activity of the first components of the NADPH-flavoprotein oxidation chain are summarized in Table 3 . By measuring the activity of the NADPH-specific flavoprotein in the reductase reactions with the help of different electron acceptors, it has been shown that neither Mg2+ and dimethylaniline separately, nor in combination, activates the reductase reactions; moreover, with NADPH-ferricyanide reductase activity Mg2+ are even responsible for a sharp inhibiting effect. The incubation mixture contained microsomal fraction (3.0mg of protein/ml) and 40mM-Tris buffer, in a total volume of 3ml. Dimethylaniline was added at a final concentration of 0.2-1.4mM to microsomal suspensions.
The measurements were made at room temperature. Extinction was measured as the difference between the trough at 420nm and the peak at Results for the effect of Mg2+ on the initial and terminal sites of the NADPH oxidation chain are shown in Table 4 . According to the concepts developed in this laboratory, one of the cytochrome b5 functions is to act as an intermediate between flavoprotein and cytochrome P-450 (Archakov et al., 1969a) . It is seen from the data in Table 4 that Mg2+ accelerates the reduction of cytochrome b5 in the NADPH oxidation chain. At the same time, dimethylaniline produces a much weaker action, if any, on the reaction rate in the absence of Mg2+ and does not affect it, should Mg2+ be present. Table 4 demonstrates the stimulating action of Mg2+ on the rate of the NADPH-cytochrome P-450 reductase (2.6). Addition of dimethylaniline in the absence of Mg2+ produces much less stimulation of the cytochrome P-450 reduction rate than when MgCI2 is present in the incubation medium. The efficiency of Table 4 . Reduction ofcytochromes b5 andP-450 in the presence ofdimethylaniline and Mg2+ The incubation mixture contained microsomal fraction (1.Omg ofprotein/ml) and 50mM-Tris buffer, in a total volume of 3ml. The reaction was initiated by adding 30,uM-NADPH. The NADPH-cytochrome b5 reductase reaction was recorded at 20°C and the NADPH-cytochrome P-450 reductase reaction at 25°C. Dimethylaniline was added to the incubation medium at a final concentration of 1.3 mm and MgCl2 was 16mM. For further experimental details see the Materials and Methods section. Results are average values from six experiments±s.E.M. and are expressed as k (minl-) values, the apparent rate constants of the reduction of cytochromes b5 and P450, calculated as the initial rates of the reduction of these cytochromes/nmol of cytochromes b5 and P450.
k (min-') the joint action of dimethylaniline and Mg2+ is much higher than just a sum of the effects observed on their being added separately.
The accelerating effect of Mg2+ on the NADPHcytochrome P-450 reductase reaction may be a result of the significant conformational changes in the membrane, which are produced by Mg2+ and revealed by means of a fluorescent probe (8-anilinonaphthalene-1-sulphonate) (Fig. 5) . Addition of 16mM-MgCl2 to the incubation mixture causes a considerable increase in the fluorescence quantum yield of 8-anilinonaphthalene-1-sulphonate and does not affect the binding constant of the fluorescent dye with the membrane. This effect of Mg2+ is retained if dimethylaniline is present in the incubation medium (Fig. 6) .
Discussion
According to the data of Peters & Fouts (1970) , the stimulating effect of Mg2+ is not the same in phydroxylation of aniline and N-demethylation of benzphetamine. To elucidate the mechanism of the Mg2+ effect, N-demethylation, p-hydroxylation and N-oxidation of one and the same substrate (dimethylaniline) have been studied. Such an approach made it possible to show that only N-demethylation and p-hydroxylation of dimethylaniline could be stimulated by Mg2+. The absence of this effect for N-oxidation of dimethylaniline proves that either this effect does not depend on the NADPH-specific flavoprotein ofthe NADPH oxidation chain, where the reaction of N-oxidation of dimethylaniline might be localized (Archakov et al., 1969b) , or some other flavoprotein that is not sensitive to Mg2+ takes part in this reaction (Masters & Ziegler, 1971) .
In N-demethylation of dimethylaniline, an increase in both Vmax. and Km was observed, and for p-hydroxylation of dimethylaniline Vmax. increased whereas Km remained unchanged. Thus a different effect of Mg2+ on N-demethylation and p-hydroxylation, which was first reported by Peters & Fouts (1970) , also takes place when dimethylaniline is used as the only substrate. Hence this effect is determined by the mechanism of p-hydroxylation and N-demethylation, and may be realized owing to different functional groups of cytochrome P450 participating in these reactions. A comparison of the kinetic parameters of p-hydroxylation and N-demethylation of dimethylaniline proves that in N-demethylation the Km value is affected by the dissociation constant of the enzyme-substrate complex (k+2). The Km value for N-demethylation ofdimethylaniline (0.45 mM without MgCl2 and 0.67mM with MgCl2) is much higher than that ofp-hydroxylation of dimethylaniline (0.28mM). and does not correlate with the absence of changes in K,, in p-hydroxylation of dimethylaniline. Thus an increase in the affinity of cytochrome P-450 for dimethylaniline under the action of Mg2+ followed by the changes in K, is not accompanied by the same Km changes in both reactions. The results obtained allow the conclusion to be made that both in N-demethylation and p-hydroxylation of dimethylaniline, the Km value does not characterize the affinity ofcytochrome P-450 for dimethylaniline. The coefficient of stimulation of dimethylaniline hydroxylation by Mg2+ (2.6) is in a good agreement only with the Mg2+ stimulation coefficient of the NADPH-cytochrome P-450 reductase (2.3).
Other reactions characterizing electron-transfer rate in the NADPH oxidation chain were not stimulated either by Mg2+ or by dimethylaniline (NADPHflavoprotein reductase) (Table 3) , and they were not stimulated by dimethylaniline if Mg2+ were present in the incubation medium (NADPH-cytochrome b5 reductase) (Table 4) . From the results obtained we may conclude that the rate-limiting site of NADPH oxidation in the presence of dimethylaniline, and of dimethylaniline hydroxylation is between cytochromes b5 and P-450. Measurements ofthe apparent rate constants of reduction of cytochromes b5 and P-450 by NADPH show that the rate constant of reduction of the former is much higher than that of the latter, and consequently electron transfer from cytochrome b5 to cytochrome P-450 is the slowest reaction in the NADPH oxidation chain. When the incubation medium contains no dimethylaniline, Mg2+ produce a stimulating effect of approximately equal magnitude on reduction of cytochromes b5 and P-450 (1.6-fold) and on NADPH oxidation rate (1.9-fold). However, as reduction of cytochrome P-450 is much slower than that of cytochrome b5 we may suppose that in this case the limiting site is again between cytochromes b5 and P-450.
The stimulating effect of Mg2+ on the electron transfer in the NADPH-cytochrome P-450 oxygenase system may be due to Mg2+ affecting the conformational state of membrane lipoprotein complexes. We have shown that when 8-anilinonaphthalene-l-sulphonate is used as a fluorescence probe, addition of Mg2+ to the incubation medium causes an increase in the quantum yield of the fluorescence of the dye without changing the number of 8-anilinonaphthalene-1-sulphonate-binding sites. According to the data of Eling & DiAugustine (1971), 8-anilino- naphthalene-1-sulphonate in the membranes of endoplasmic reticulum binds first of all with phosphatidylcholine, hence addition of Mg2+ affects the environment of phosphatidylcholine, increasing the degree ofits non-polarity. Such an effect of Mg2+ may be the main reason for the increase in the reduction rate of cytochrome P-450 in the electron-transfer chain. It has been shown in a reconstructed system that it is phosphatidylcholine that is necessary for cytochrome P-450 to be reduced by NADPHspecific flavoprotein (Coon et al., 1971) .
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